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Description 

BACKGROUND OF THE INVENTION 



[0001] Tagging of articles for identification and/or theft 
protection is known. For instance, many articles are 
identified using a bar code comprising coded informa- 
tion which is read by passing the bar code within view 
of a scanner. Many articles also include a resonant tag 
for use in theft detection and prevention. More recently, 
passive resonant tags which return unique or semi- 
unique identification codes have been developed 
These tags typically include an integrated circuit (IC) 
which stores the identification code. Such "intelligent- 
tags provide information about an article or person with 
which the tag is associated which is detected in the zone 
of an interrogator or reader. The tags are desirable be- 
cause they can be interrogated rapidly, and from a dis- 
tance U.S. Patents Nos. 5,446,447 (Carney et a/.), 
5,430,441 (Bickley et a/.), and 5,347,263 (Carroll et ah) 
disclose three examples of such intelligent tags. 
[0002] Radio frequency identification (RFID) tags or 
cards generally include a resonant antenna circuit elec- 
trically connected to the IC. The IC is essentially a pro- 
grammable memory for storing digitally encoded infor- 
mation. The interrogator (transmit antenna) creates an 
electromagnetic field at the resonant frequency of the 
RFID tag. When the tag is placed into the field of the 
interrogator, an AC voltage is induced in the resonant 
antenna circuit of the tag, which is rectified by the IC to 
provide the IC with an internal DC voltage. As the tag 
moves into the field of the interrogator, the induced volt- 
age increases. When the internal DC voltage reaches a 
level that assures proper operation of the IC, the IC out- 
puts its stored data. To output its data, the IC creates a 
series of data pulses by switching an extra capacitor 
across the antenna circuit for the duration of the pulse, 
which changes the resonant frequency of the tag, de- 
tuning the tag from the operational frequency. 
That is, the tag creates data pulses by detuning itself, 
which changes the amount of energy consumed by the 
tag. The interrogator detects the consumption of energy 
in its field and interprets the changes as data pulses. 
[0003] Although such RFID tags or cards are known, 
there are still technical difficulties and limitations asso- 
ciated with the operation of such tags. One problem with 
attempting to read multiple RFID tags within an interro- 
gation zone of the interrogator is that more than one tag 
may be activated by the interrogator at about the same 
time. When such tags are located proximate to each oth- 
er, the fields generated by one tag can disturb the fields 
generated by another tag. This problem of mutual in- 
ductance is especially significant for RFID tags which 
transmit their information by detuning, as described 
above. As a consequence, the effective reading dis- 
tance drops and the modulation of the tag can become 
completely ineffective due to the fact that such modula- 
tion depends upon the tag being in resonance (or close 



to it). Thus, such detuning caused by other tags can 
make the reading of stored information impossible or 
nearly impossible. 

[0004] Yet another problem often encountered when 
5 reading intelligent tags or cards is a large variation in 
the received power, for instance, when the tag nears the 
power transmit antenna of the interrogator. As the tag 
approaches the transmit antenna, the received power 
increases, which can cause problems due to excessive 
10 voltage or power dissipation and, because of a decrease 
in tag Q, an inability to sufficiently modulate the tag with 
the data using the aforementioned detuning approach. 
Such detuning or modulation problems increase the dif- 
ficulty of correctly reading the tag. 
15 [0005] Accordingly, there is a need for a method of 
preventing RFID tags from generating fields which dis- 
turb or affect other nearby resonant cards or tags. There 
is further a need for an RFID tag whose operation is not 
adversely affected by large variations in received power. 
20 The present invention fulfills these needs. 



BRIEF SUMMARY OF THE INVENTION 

[0006] Briefly stated, in a first embodimentthe present 
25 invention is a radio frequency intelligent transponder. 
The transponder includes an integrated circuit for stor- 
ing data and an inductor electrically connected to the 
integrated circuit. The inductor includes a first coil elec- 
trically connected to a second coil. A resonant capacitor 
30 is electrically connected to the integrated circuit and to 
at least one of the first and second coils, such that the 
resonant capacitor and the at least one connected coil 
have a first predetermined resonant frequency. A switch 
having a first position and a second position is provided 
35 for selectively allowing current to flow through the sec- 
ond coil. When the switch is in the first position, expo- 
sure of the transponder to an external field at or near 
the first resonant frequency induces a voltage in the in- 
ductor and causes a first current to flow through the in- 
40 ductor in a first direction, thereby generating a local field. 
When the switch is in the second position, exposure of 
the transponder to an external field at or near the first 
resonant frequency induces a voltage in the inductor 
and causes a first current to flow through the first coil in 
45 a first direction, thereby generating a first local field and 
a second current to flow through the second coil in a 
second, opposite direction, thereby generating a sec- 
ond local field. A sum of the first and second local fields 

approaches zero. 
so [0007] In a second embodiment, the present invention 

is a radio frequency intelligent transponder comprising 
an integrated circuit for storing data and an antenna cir- 
cuit. The antenna circuit comprises a first coil and a res- 
onant capacitor having a predetermined resonant fre- 
55 quency electrically connected to the integrated circuit for 
providing power to the integrated circuit and for trans- 
mitting the data stored in the integrated circuit to a de- 
vice reader. Exposure of the transponder to an external 
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field at a frequency near the predetermined resonant 
frequency causes a first current to flow through the an- 
tenna circuit in a first direction, thereby producing a first 
local field which couples the transponder with its envi- 
ronment. The transponder further comprises means for 
selectively generating a second'local field, wherein a 
sum of the first and second local fields approaches zero, 
for selectively decoupling the transponder from its envi- 
ronment. 

[0008] In a third embodiment, the present invention 
comprises an intelligent resonant tag comprising an in- 
tegrated circuit for storing data and a first antenna circuit 
electrically connected to the integrated circuit. Exposure 
of the first antenna circuit to an electromagnetic field at 
a first predetermined radio frequency induces a voltage 
therein, which produces a current flowing in a first direc- 
tion therethrough, thereby producing a first local field. 
The induced voltage also provides power to the integrat- 
ed circuit such that the data stored therein is read there- 
from and transmitted at a second predetermined radio 
frequency. The tag also comprises means for generat- 
ing a second local field which at least partially cancels 
the first local field generated by the first antenna circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The foregoing summary, as well as the follow- 
ing detailed description of preferred embodiments of the 
invention, will be better understood when read in con- 
junction with the appended drawings. For the purpose 
of illustrating the invention, there are shown in the draw- 
ings embodiments which are presently preferred. It 
should be understood, however, that the invention is not 
limited to the precise arrangements and instrumentali- 
ties shown. In the drawings: 

Fig. 1 is an equivalent electrical circuit diagram of 
an interrogator and a resonant frequency identifica- 
tion (RFID) device in accordance with a first embod- 
iment of the present invention; 
Fig. 2A is an equivalent electrical circuit diagram of 
an alternate embodiment of an RFID tag in accord- 
ance with the present invention; 
Fig. 2B is a schematic diagram of the equivalent 
electrical circuit of Fig. 2A in an active state; and 
Fig. 2C is a schematic diagram of the equivalent 
electrical circuit of the RFID tag of Fig. 2A in an in- 
active state. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] Certain terminology is used in the following de- 
scription for convenience only and is not be taken as a 
limitation on the present invention. In the drawings, the 
same reference numerals are employed for designating 
the same elements throughout the several figures. 
[0011] The present invention provides a resonant 
RFID tag in which a net field produced by currents flow- 



ing through the tag caused by voltages induced in the 
tag by an externally applied field selectively approach 
zero. According to the present invention, an antenna of 
the tag comprises two coils or inductors and a switch. 

5 With the switch in one position, the currents flow through 
the two inductors in opposite directions such that the 
field generated by the current flowing through one in- 
ductor is essentially canceled by the field generated by 
the current flowing through the other inductor. With the 

10 switch in another position, the configuration of the tag 
circuit is changed such that no canceling current flows 
through one of the inductors and thus, no canceling field 
is generated. In this manner, the tag may be selectively 
decoupled from its environment. When the tag is decou- 

15 pled from the environment, the tag does not generate 
fields which interfere with the operation of any nearby 
resonant tags. 

[0012] Referring now to Fig. 1 , an equivalent electrical 
circuit diagram of an interrogator or reader 10 and a res- 

20 onant frequency identification (RFID) device or trans- 
ponder 12 in accordance with the present invention is 
shown. The interrogator 10 includes at least a voltage 
source 14 electrically connected to a transmitter anten- 
na or coil 16 for generating an electromagnetic field. 

25 [0013] The interrogator 10 and the transponder 12 
communicate by inductive coupling. Interrogators which 
communicate with a resonant tag or transponder by in- 
ductive coupling are well known in the art. For instance, 
interrogators are described in U.S. Patents Nos. 

30 3,752,960, 3,81 6,708 and 4,580,041 , all issued to Wal- 
ton, all of which are incorporated by reference in their 
entirety herein. Accordingly, the interrogator 10 is not 
shown or described in detail. Suffice it to say that the 
interrogator 10 establishes an electromagnetic field at 

35 or near the resonant frequency of the transponder 12. 
When the transponder 12 is close enough to the inter- 
rogator 10 so as to be within the electromagnetic field,, 
a voltage is induced in the transponder 1 2. As the trans- 
ponder 12 moves into the field created by the interroga- 

^o tor 1 0, the induced voltage increases until a voltage level 
is reached which is sufficient to power the transponder 
12 and permit the device to function according to its de- 
sired purpose, as described in more detail below. The 
interrogator 10 may be physically implemented as a pair 

45 of smart pedestals (not shown), as a hand-held RFID 
scanner (not shown) or in some other manner. 
[0014] The interrogation signal generated by the in- 
terrogator 10 is a preferably a generally continuous sig- 
nal, as opposed to a periodic or pulsed signal. The in- 

50 terrogation zone is the area within the electromagnetic 
field in which a voltage is induced in the intelligent trans- 
ponder 12 sufficient to power the transponder 12. Thus, 
the size of the interrogation zone is defined by the 
strength of the electromagnetic field. The interrogator 

55 10 can detect transmissions from a plurality of trans- 
ponders 12 (and thus their associated articles) located 
within the interrogation zone. 

[001 5] Intelligent devices or transponders are gener- 



EP0 968 488 B1 



6 



ally known and applicable to a wide variety of uses. U. 
S Patent No. 5,430,441 discloses a transponding tag 
which transmits a digitally encoded signal in response 
to an interrogation signal. The above disclosed tag com- 
prises a rigid substrate constructed from a plurality of 
dielectric layers and conductive layers and includes an 
integrated circuit embedded entirely within a hole in the 
substrate and tab bonded to conductive foil traces. The 
transponder 12 of the present invention comprises an 
antenna circuit 20 electrically connected to an integrat- 
ed circuit (IC) 18. Preferably, the antenna circuit 20 com- 
prises a resonant circuit which resonants at a predeter- 
mined radio frequency (RF) corresponding to a radio fre- 
quency of the interrogator 10, as discussed in more de- 
tail hereinafter. 

[0016] The antenna circuit 20 may comprise one or 
more inductive elements electrically connected to one 
or more capacitive elements. In a preferred embodi- 
ment, the antenna circuit 20 is formed by the combina- 
tion of a single inductive element, inductor, or coil 22 
electrically connected with a capacitive element or res- 
onant capacitor 24 in a series loop. As is well known to 
those of ordinary skill in the art, the operational frequen- 
cy of the antenna circuit 20 depends upon the values of 
the inductor 22 and the resonant capacitor 24. The size 
of the inductor 22 and the value of the capacitor 24 are 
determined based upon the desired resonant frequency 
of the antenna circuit 20. In one embodiment of the in- 
vention, the transponder 12 is constructed to operate at 
1 3.56 MHZ. Although it is preferred that the transponder 
12 resonates at about 13.56 MHZ, the transponder 12 
could be constructed to resonate at other frequencies 
and the precise resonant frequency of the transponder 
12 is not meant to be a limitation of the present invention. 
Thus, it will be apparent to those of ordinary skill in the 
art that the antenna circuit 20 may operate at radio fre- 
quencies otherthan 13.56 MHZ, and indeed at otherfre- 
quencies, such as microwave frequencies. 
[0017] A resistor 26 is shown connected in series with 
the first inductor 22 which represents an equivalent se- 
ries resistance of the inductor 22 due to power losses. 
In addition, although the antenna circuit 20 comprises a 
single inductive element 22 and a single capacitor 24, 
multiple inductor and capacitor elements could also be 
employed. For instance, multiple element resonant cir- 
cuits are known in the electronic security and surveil- 
lance art, such as described in U.S. Patent No. 
5,103,210 entitled "Activatable/Deactivatable Security 
Tag for Use with an Electronic Security System", which 
is incorporated herein by reference. Although a pre- 
ferred antenna is described, it will be apparent to those 
of ordinary skill in the art from this disclosure that any 
means for coupling energy to/from the IC 18 may be 
used. 

[0018] The present invention differs from such known 
deactivatable devices which include a switch for deac- 
tivating the resonant circuit of a resonant tag in that ac- 
cording to the present invention, the antenna circuit 20 



is never deactivated. Rather, the circuit 20 still resonates 
but the field created by the first inductor 22 is effectively 
neutralized by an offsetting field created by a second 
inductor, as discussed in detail below 
5 [0019] Preferably, the IC 18, provided for storing data, 
is a passive device which is powered by the voltage in- 
duced in the antenna circuit 20 by the interrogator 10. 
That is, when the transponder 12 is close enough to the 
interrogator 10 so as to be within the electromagnetic 
10 field, the voltage induced on the inductor 22 provides 
power to the IC 18 at the ANT input of the IC 18. The IC 
1 8 internally rectifies the induced AC voltage at the ANT 
input to provide an internal DC voltage source. When 
the internal DC voltage reaches a level that assures 
15 proper operation of the IC 18, the IC 18 functions to out- 
put a digital value stored in the programmable memory 
at the MOD output of the IC 18. 
[0020] One method of transmitting the data stored in 
the IC 18 to a reader (not shown) is through the use of 
20 a modulation capacitor 28 connected to the MOD output 
of the IC 18 and to the antenna circuit 20. According to 
this method, the data output pulses at the MOD output 
switch the modulation capacitor 28 into and out of the 
antenna circuit 20 by making and breaking ground con- 
25 nections to change the overall capacitance of the circuit 
20 in accordance with the stored data, which in turn 
changes the resonant frequency of the circuit 20, detun- 
ing it from the first predetermined resonant frequency to 
a predetermined higher frequency. Thus, data pulses of 
30 the transponder 1 2 are created by the tuning and detun- 
ing of the resonant antenna circuit 20, such that instead 
of the antenna circuit 20 returning a simple single fre- 
quency response signal, it returns a signal containing a 
packet of preprogrammed information. Of course, as will 
35 be understood by those of ordinary skill in the art, other 
suitable means of modulation may be used with the 
present invention. Moreover, although this means of 
transmitting data to the reader performs adequately, the 
present invention uses a different means, as discussed 
40 in more detail below, to transmit the stored data to the 

reader. . 
[0021] The packet of information (data pulses) is re- 
ceived and processed by receiving circuitry (not shown) 
usually associated with the interrogator 10. That is, the 
45 receiving circuitry senses the changes in the consump- 
tion of energy within the electromagnetic field of the in- 
terrogator 10 to determine the digital data value output 
from the IC 18. If necessary, the data is decoded by the 
interrogator 10 or circuitry associated therewith to pro- 
50 vide identification or other information about an article 
or person with which the transponder 12 is associated. 
It is presently preferred to use a passive IC 18 which is 
powered by the voltage induced in the antenna circuit 
20. However, other means for powering the IC 18, such 
55 as a battery, are within the scope of the present inven- 
tion. 

[0022] The IC 18 may also include a power return or 
GND output and one or more additional inputs (not 
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shown) which are used for programming the IC 18 (i.e. 
storing or altering the digital value stored therein) in a 
conventional manner. In the presently preferred embod- 
iment, the IC 18 comprises 128 bits of nonvolatile mem- 
ory. Of course, it will be apparent to those of ordinary 
skill in the art that the IC 18 could have either a greater 
or smaller storage capacity. 

[0023] Exposure of the transponder 1 2 to an external 
field, such as the field generated by the interrogator 10, 
at a frequency at or near the first predetermined reso- 
nant frequency induces a voltage in the antenna circuit 
20, causing a first current ^ to flow through the circuit 
20 in a first direction, as indicated by the arrow l v The 
flow of the current l<| through the circuit 20 produces a 
first local electromagnetic field. represents the 

magnetic coupling coefficient between the interrogator 
coil 16 and the first inductor 22. 
[0024] As previously discussed, the field generated 
by the flow of the current l 1 through the first inductor 22 
can interfere with the operation of other transponders or 
tags operating proximate to the transponder 1 2 . Accord- 
ingly, the present invention further comprises a second, 
canceling inductor or coil 30. In the embodiment shown 
in Fig. 1 , the second inductor 30 is electrically connected 
to the first inductor 22. However, as will be apparent to 
those of ordinary skill in the art from this disclosure, the 
second inductor 30 need not be electrically connected 
to the first inductor 22 in order to perform its desired 
function. A resistor 32 is shown, connected in series to 
the second inductor 30, which represents an equivalent 
series resistance of the inductor 30 due to power losses. 
A switch 34 and a switch resistor 36 connect the second 
inductor 30 to the antenna circuit 20. The switch resistor 
36 represents the equivalent series resistance of the 
switch 34. The second inductor 30 is connected to the 
antenna circuit 20 such that when the switch 34 is closed 
and the transponder 12 is exposed to the external field 
generated by the interrogator 10 at a frequency at or 
near the first predetermined frequency, a voltage is in- 
duced in each of the first and second inductors 22, 30, 
causing respective the first current !<, to flow through the 
circuit 20 in the first direction and a second current l 2 , 
to flow through the second inductor 30 in a second di- 
rection, opposite to the direction of the first current l 1( 
as indicated by the arrow l 2 . The flow of the current l 2 
through the second inductor 30 produces a second local 
electromagnetic field. ^ represents the magnetic 
coupling coefficient between the interrogator coil 16 and 
the second (canceling) inductor 30. K^.^ represents 
the magnetic coupling coefficient between the first in- 
ductor 20 and the second inductor 30. Typically, K^.^ 
and K drv:can are less than 0.01 and is less than 

1 and greater than 0.4. 

[0025] Preferably, the first and second local magnetic 
fields interact with each other such that a sum of the first 
and second local magnetic fields approaches zero. That 
is, a net field produced by the currents that flow in the 
transponder 12 from the voltages induced in the trans- 



ponder 12 by the interrogator 10 selectively approach 
zero. Thus, when the field proximate to the transponder 
12 Is measured, the measurement approaches that of 
the field generated by the interrogator 10, as represent- 
5 ed by the equation: 

L r l 1+ L c l 2 =>0 (1) 

10 where is the magnetic flux produced by the first in- 
ductor 22 and is the magnetic flux produced by the 
second inductor 30. L r is the inductance of the first in- 
ductor 22 and L c is the inductance of the second inductor 
30. 

15 [0026] The switch 34 is preferably an electronic switch 
connected to the second inductor 30 to either allow or 
prevent current from flowing therethrough. The electron- 
ic switch 34 may be any suitable device, such as a Field 
Effect Transistor (FET) and may be either separate from 

20 or integral with the IC 18. Optionally, the switch 34 has 
a memory so that the state of the switch 34 is maintained 
whether or not power is applied to the transponder 12. 
One example of such a switch 34 is an FET with a 
charge storage mechanism associated with its gate 

25 electrode, similar to that used in an EEPROM storage 
cell. 

[0027] According to the first embodiment, the switch 
34 has a first position and a second position for selec- 
tively allowing a current to flow through the second coil 

30 30. When the switch 34 is in the first position, the switch 
34 is open, and no canceling field will be generated 
when the transponder 12 is exposed to the external field 
produced by the interrogator 10. When the switch 34 is 
in the second position, the switch 34 is closed, thus al- 

35 lowing the second current l 2 to flow through the second 
inductor 30 and create the second local field when the 
transponder 1 2 is exposed to the external field produced 
by the interrogator 10. 

[0028] Analyzing the transponder 12 circuit, when the 
40 switch 34 is closed, the portions of L r and that are 
coupled to each other (via K^.^ have no voltage in- 
duced across them due to the currents l lf l 2 that flow 
through them. The voltages induced in the coupled por- 
tions from each current l 1t l 2 are equal, but opposite in 
45 sign so that they add up to zero. Thus, the coupled por- 
tions of and can be thought of as being absent for 
the next stage of analysis. 

[0029] The first inductor 22 has an induced voltage 
from the external field generated by the interrogator 10, 

60 with the induced voltage being generated across an 
equivalent series circuit comprising O-K^canJl-r (the 
uncoupled portion of the inductance), resistor 26 and the 
resonant capacitor 24. Since the impedances of 
(^KfesrcanJl-r and the resistor 26 are low relative to the 

55 impedance of the resonant capacitor 24, the combined 
impedance of these series elements is predominately 
capacitive and therefore the current I., of this series cir- 
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cuit leads the induced voltage by about 90°. Smrulariy. 
the second inductor 30 has an induced voltage from he 
external field generated by the interrogator 10, wrth the 
induced voltage being generated across an equivalent 
series circuit comprising (1-IWan)Lc resistor 32 and 
the switch resistance 36. Since the series resistance of 
the resistors 32, 36 is low relative to the impedance of 
d -k )L. the combined impedance of these senes 
elemSs predominately inductive and therefore the 
current l 2 lags the induced voltage by about 90°. The 
result is that the currents \, and l 2 have a phase rela- 
tionship which approaches 180°. That is, the currents I , 
and U essentially flow in opposite directions. The rela- 
tive magnitudes of the currents \, and l 2 can be adjusted 
by controlling the values of the first and second induc- 
tors 22. 30 and K^, by adjusting the number, size 
and relative placement of the turns of the inductor coils, 
as will be understood by those of ordinary skill in the art. 
Of course, when the relative magnitudes of the currents 
I, and l 2 are property adjusted, the assumption of equa- 
tion (1) above is true. 

[00301 As previously discussed, the transponder iz 
transmits the data stored in the IC 18 by tuning and de- 
tuning the antenna circuit 20. According to the present 
invention, the swttch 34 is connected on one side to the 
MOD output of the IC 18 and on the other side to GND. 
The switch 34 is then moved between the open position 
and the closed position, in accordance with the stored 
data pattern, to tune and detune the antenna arcurt 20, 
such that the stored data is transmitted to the reader. 
Thus the present invention uses the switch 34 and the 
modified antenna circuit 20 in lieu of the modulation ca- 
pacitor 28 to tune and detune the antenna circuit 20 and 
transmit data to a reader. 

[0031] Referring now to Fig. 2A, an electoral sche- 
matic diagram of a second preferred embodiment of a 
transponder 40 is shown. Similar to the first embodi- 
ment, the transponder 40 includes an IC 18, first and 
second inductors 22, 30, an equivalent resistance 26, a 
resonant capacitor 24. a switch 34, and a switch resist- 
ance 36. (The equivalent resistance 26 is for both the 
first and second inductor 22. 30). The transponder 40 
operates according to the same basic principles as the 
circuit 20. That is, the second coil 32 is provided to gen- 
erate a canceling field, such that a sum of the local fields 
produced by the currents flowing through the first and 
second inductors 22, 30 approaches zero. However, ac- 
cording to the second embodiment, a current always 
flows through the second inductor 30. When the switch 
34 is open (Fig. 2B), the transponder 40 comprises a 
series circuit including the first and second inductors 22, 
30 (shown collectively as 42) the resistor 26, and the 
resonant capacitor 24. While, when the switch 34 is 
dosed (Fig. 2C). a first current I, flows through the first 
inductor 22 and a second current l 2 flows through the 
second inductor 30, with the currents I, and l 2 flowing 
in opposite directions such that the generated local 
fields are canceling, as previously discussed. 



[0032] The transponder 40 behaves according to the 
equations: 



<dL1 + coL2 = 1/<oC1 



Q = (<dL1 + u>L2)/ R1 



(2) 



(3) 



10 whereU isthefirstinductor22.L2isthesecond.nduc- 
tor 30 C1 is the resonant capacitor 24, R1 is the senes 
resistor 26, and <o is the resonant frequency. Note that 
in Fig. 2B, the inductors 22, 30 are in series and are thus 
represented by a single inductor 42, where L - L1 + L2- 
t5 [0033] If the ratio of the turns of the first and second 
inductors 22, 30 is chosen so that the current l 2 flowing 
through the second inductor 30 produces a magnetic 
field which is equal in amplitude but of opposite sign as 
the field produced by the current I, flowing through the 
20 first inductor 22, then the transponder 40 does not un- 
duly influence other transponders proximate to it, since 
it produces a net field of zero or near zero. This effect 
can be represented by the equation: 



25 



^-(Nl/^) 2 !^^ 



(4) 



where k,, L2 is mutual inductance coupling factor and N1 
and N2 are the number of turns of the first and second 
30 inductors 22, 30, respectively. The advantage of the 
second embodiment compared to the first embodiment 
is that the value of the resonant capacitor can be smaller 
in the second embodiment (since it is connected across 
both of the inductors 22, 30). 
35 [0034] Preferably the switch 34 is normally open such 

that the tag is "active". The switch 34 may be controlled 
by a signal line 44 from the IC 1 8. The signal line 44 may 
be controlled by a sequencer within the IC 18. For in- 
stance, when the transponder 12 has completed trans- 
40 mitting the data read from the IC 1 8. then the IC 18 sets 
the signal line 44. thereby closing the switch 34 so that 
the transponder 12 is decoupled from its environment. 
The IC 18 may also include a timer which is used to de- 
termined the value of the signal, such that after a pre- 
45 determined period of time, the swttch 34 is opened and, 
if the transponder 12 is still within the external field gen- 
erated by the interrogator 10. then the transponder 12 
retransmits its data message. Other means of control- 
ling the switch 34 will be apparent to those of ordinary 

50 skill in the art. ■<,„ 
[0035] As previously discussed, the switch 34 is also 
preferably used to transmit the data stored (and read) 
from the IC 18 to the reader. That is. the switch 34 is 
turned on and off to essentially draw energy from the 
55 field created by the interrogator 10 and not, respectively, 
at rates that are equivalent to the rates at which the data 
would be modulated by other means. This mechanism 
for modulation results in a signal to the interrogator 10 
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which is indistinguishable from signals created using 
other modulation approaches. According to this method, 
after all of the data has been transmitted, the switch 34 
is placed in the closed position so that the transponder 
12 is decoupled from its environment. 
[0036] The switch 34 could also comprise a variable 
resistance element, such that the resistance of the ele- 
ment can be controlled from nearly zero (the ON resist- 
ance of the switch) to essentially infinity (the OFF resist- 
ance of the switch) and to any value in between. Such 
in between values are useful for the purpose of deter- 
mining how much power to draw from the external field. 
For example, if the value of the resistance is adjusted 
to a medium value (one between zero and infinity) a par- 
tial decoupling of the transponder 12 occurs, which is 
useful for the case in which the transponder 1 2 is imme- 
diately adjacent to the interrogator 10 and the external 
fields generated by the interrogator are especially 
strong. In a conventional circuit implementation, the 
power drawn from the external field has to be dissipated 
in the IC 1 8. As is known by those of ordinary skill in the 
art, this power can occasionally be high enough to over- 
heat the IC and destroy it. The advantage of partially 
decoupling the transponder 12 from its environment is 
that this reduces the amount of power that can be col- 
lected from the external field, and therefore limits the 
power dissipation requirements of the IC 18. Likewise, 
the voltages that can be induced in the transponder 12 
are minimized, and thus, the possibility of a breakdown 
due to excessively large induced voltages is reduced. 
[0037] It will be recognized by those skilled in the art 
that changes may be made to the above-described em- 
bodiment of the invention without departing from the in- 
ventive concepts thereof. It is understood, therefore, 
that this invention is not limited to the particular embod- 
iment disclosed, but is intended to cover any modifica- 
tions which are within the scope of the invention as de- 
fined by the appended claims. 



Claims 

1 . A radio frequency intelligent transponder compris- 
ing: 

an integrated circuit for storing data; 
an inductor including a first coil electrically con- 
nected to a second coil; 
a resonant capacitor electrically connected to 
the integrated circuit and at least one of the first 
and second coils, the resonant capacitor and 
the at least one connected coil having a first 
predetermined resonant frequency; and 
a switch having a first position and a second 
position for selectively allowing a current to flow 
through the second coil, wherein when the 
switch is in the first position, exposure of the 
transponder to an external field at or near the 
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first resonant frequency induces a voltage on 
the inductor and causes a first current to flow 
through the inductor in a first direction, thereby 
generating a near field and when the switch is 
5 in the second position, exposure of the trans- 

ponder to an external field at or near the first 
resonant frequency induces a voltage on the in- 
ductor and causes a first current to flow through 
the first coil in a first direction, thereby generat- 
10 ing a first near field and a second current to flow 

through the second coil in a second, opposite 
direction, thereby generating a second near 
field, wherein a sum of the first and second near 
fields approaches zero. 

15 

2. The transponder of claim 1 wherein the voltage in- 
duced in the inductor is used to power the integrated 
circuit. 

20 3. The transponder of claim 1 wherein the first coil and 
the resonant capacitor resonate at the first resonant 
frequency when the switch is in the first position. 

4. The transponder of claim 1 wherein the first coil, the 
25 second coil and the resonant capacitor resonate at 

the first resonant frequency when the switch is in 
, the first position. 

5. The transponder of claim 1 wherein the switch is 
30 used as a modulation means to transmit the data 

stored within the integrated circuit. 

6. The transponder of claim 1 wherein the switch com- 
prises an electronic switch. 

35 

7. The transponder of claim 6 wherein the switch is 
located within the integrated circuit. 

8. The transponder of claim 6 wherein the switch is 
40 normally in the second position. 

9. The transponder of claim 1 wherein the switch com- 
prises a variable resistance element such that a 
magnitude of the second near field is variable, 

45 wherein when the second near field is not substan- 
tially equal and opposite to the first field, the trans- 
ponder is not generally decoupled from its environ- 
ment. 

so 10. The transponder of claim 9 wherein when the switch 
is in the second position, the transponder is partially 
decoupled from its environment, thereby reducing 
the amount of power collected from the external 
field. 

55 

11. A radio frequency intelligent transponder compris- 
ing: 
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an integrated circuit for storing data; 
an antenna circuit comprising a first coil and a 
resonant capacitor having a predetermined 
resonant frequency electrically connected to 
the integrated circuit for providing power to the 
integrated circuit and for transmitting the data 
stored in the integrated circuit to a device read- 
er, wherein exposure of the transponder to an 
external field at a frequency near the predeter- 
mined resonant frequency causes a first cur- 
rent to flow through the first coil in a first direc- 
tion, thereby producing a first near field which 
couples the transponder with its environment; 
and 

means for selectively generating a second near 
field, wherein the sum of the first and second 
near fields approaches zero, for selectively de- 
coupling the transponder from its environment 

12 The transponder of claim 11 wherein the means for 
generating the second near field comprises a sec- 
ond coil. 

13. The transponder of claim 12 further comprising a 
switch electrically connected to the second coil for 
selectively preventing the second coil from gener- 
ating the second near field. 

14. An intelligent resonant tag comprising: 

an integrated circuit for storing data; 
a first antenna circuit electrically connected to 
the integrated circuit, wherein exposure of the 
first antenna circuit to an electromagnetic field 
at a first predetermined radio frequency induc- 
es a voltage therein, which produces a current 
flowing in a first direction therethrough, thereby 
producing a first near field, the induced voltage 
also providing power to the integrated circuit 
such that the data stored therein is read there- 
from and transmitted at a second predeter- 
mined radio frequency; and 
means for selectively generating a second near 
field which at least partially cancels the first 
near field generated by the first antenna circuit. 

15. The intelligent resonant tag of claim 14 further com- 
prising means for varying a magnitude of the sec- 
ond near field, thereby varying a magnitude of the 
first field. 



canceling the first near field. 

1 8. The intelligent resonant tag of claim 1 4 wherein the 
first antenna circuit comprises a first inductive coil 

5 electrically connected to a resonant capacitor. 

19. The intelligent resonant tag of claim 18 wherein the 
means for generating the second near field com- 
prises a second inductive coil electrically connected 

10 to the first inductive coil. 

20. The transponder of claim 14 wherein the integrated 
circuit comprises a non-volatile programmable 
memory. 
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16 The transponder of claim 1 5 wherein the magnitude 
varying means comprises a variable resistance el- 
ement. 

17. The intelligent resonant tag of claim 14 further com- 
prising a switch for selectively generating the sec- 
ond near field, thereby selectively at least partially 



Patentanspriiche 

1 . Intelligenter Radiofrequenz-Transponder, mit: 

einer integrierten Schaltung zum Speichern 
von Daten; 

einer Drossel, die eine erste Spule aufweist, 
welche elektrisch an eine zweite Spule ange- 
schlossen ist; 

einem Resonanzkondensator, der mit der inte- 
grierten Schaltung und mit wenigstens einer 
der beiden Spulen elektrisch verbunden ist, wo- 
bei der Resonanzkondensator und die wenig- 
stens eine mit ihm verbundene Spule eine erste 
vorbestimmte Resonanzfrequenz haben; und 
einem Schalter, der eine erste Position und ei- 
ne zweite Position zum wahlweisen Gestatten 
des Flieftens eines Stroms durch die zweite 
Spule hat, wobei, wenn der Schalter in der er- 
sten Position ist, eine Beaufschlagung des 
Transponders mit einem externen Feld mit Oder 
nahe der ersten Resonanzfrequenz eine Span- 
nung an der Drossel induziert und bewirkt, dass 
ein erster Strom in einer ersten Richtung durch 
die Drossel fliefit, wodurch ein Nahfeld erzeugt 
wird, und, wenn der Schalter in der zweiten Po- 
sition ist, eine Beaufschlagung des Transpon- 
ders mit einem externen Feld mit oder nahe der 
ersten Resonanzfrequenz eine Spannung an 
der Drossel induziert und bewirkt, dass ein er- 
ster Strom durch die erste Spule in einer ersten 
Richtung flie&t, wodurch ein erstes Nahfeld er- 
zeugt wird, und dass ein zweiter Strom durch 
die zweite Spule in einer zweiten, entgegenge- 
setzten Richtung fliefit, wodurch ein zweites 
Nahfeld erzeugt wird, wobei eine Summe des 
ersten und des zweiten Nahfeldes sich null na- 
hert 
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2. Transponder nach Anspruch 1, wobei die Span- 
nung, die in der Drossel induziert wird, benutztwird, 
urn die integrierte Schaltung mit Strom zu versor- 
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gen. 

3. Transponder nach Anspruch 1, wobei die erste 
Spule und der Resonanzkondensatorbei der ersten 
Resonanzfrequenz in Resonanz sind, wenn der 5 
Schalter in der ersten Position ist. 

4. Transponder nach Anspruch 1, wobei die erste 
Spule, die zweite Spule und der Resonanzkonden- 
sator bei der ersten Resonanzfrequenz in Reso- 
nanz sind, wenn der Schalter in der ersten Position 
ist. 

5. Transponder nach Anspruch 1 , wobei der Schalter 
als eine Modulationseinrichtung verwendet wird, 
um die in der integrierten Schaltung gespeicherten 
Daten zu senden. 

6. Transponder nach Anspruch 1 , wobei der Schalter 
einen elektronischen Schalter umfaftt. 

7. Transponder nach Anspruch 6, wobei der Schatter 
in der integrierten Schaltung angeordnet ist. 

8. Transponder nach Anspruch 6, wobei der Schalter 
normalerweise in der zweiten Position ist. 

9. Transponder nach Anspruch 1 , wobei der Schalter 
ein Element mit variabiem Widerstand aufweist, so 
dass eine Grofte des zweiten Nahfeides variabel 
ist, wobei, wenn das zweite Nahfeld nicht im we- 
sentlichen gieich und entgegengesetzt zu dem er- 
sten Feld ist, der Transponder von seiner Umge- 
bung nicht insgesamt entkoppelt ist. 

10. Transponder nach Anspruch 9, wobei, wenn der 
Schalter in der zweiten Position ist, der Transpon- 
der teilweise von seiner Umgebung entkoppelt ist, 
wodurch die Menge an Energie, die aus dem exter- 
nen Feld aufgenommen wird, reduziert wird. 

11. Intelligenter Radiofrequenz-Transponder, mit: 

einer integrierten Schaltung zum Speichern 
von Daten; 

einer Antennenschaltung, die eine erste Spule 
und einen Resonanzkondensator, welche eine 
vorbestimmte Resonanzfrequenz ha ben, auf- 
weist, die mit der integrierten Schaltung elek- 
trisch verbunden ist, um der integrierten Schal- 
tung Strom zu iiefem und um die in der inte- 
grierten Schaltung gespeicherten Daten zu ei- 
nem Lesegerat zu senden, wobei eine Beauf- 
schlagung des Transponders mit einem exter- 
nen Feld mit einer Frequenz nahe der vorbe- 
stimmten Resonanzfrequenz bewirkt, dass ein 
erste r Strom durch die erste Spule in einer er- 
sten Richtung fliefct, wodurch ein erstes Nah- 



feld erzeugt wird, das den Transponder mit sei- 
ner Umgebung koppelt; und 
einer Einrichtung zum wahlweisen Erzeugen 
eines zweiten Nahfeides, wobei sich die Sum- 
me des ersten und des zweiten Nahfeides null 
nahert, zum wahlweisen Entkoppeln des 
Transponders von seiner Umgebung. 

12. Transponder nach Anspruch 11, wobei die Einrich- 
tung zum Erzeugen des zweiten Nahfeides eine 
zweite Spule aufweist. 

13. Transponder nach Anspruch 12, weiter mit einem 
Schalter, der mit der zweiten Spule elektrisch ver- 
bunden ist, zum wahlweisen Verhindern, dass die 
zweite Spule das zweite Nahfeid erzeugt. 

14. Intelligentes Resonanzetikett, mit: 

einer integrierten Schaltung zum Speichern 
von Daten; 

einer ersten Antennenschaltung, die mit der in- 
tegrierten Schaltung elektrisch verbunden ist, 
wobei eine Beaufschlagung der ersten Anten- 
nenschaltung mit einem elektromagnetischen 
Feld mit einer ersten vorbestimmten Reso- 
nanzfrequenz in ihr eine Spannung induziert, 
welche einen Strom erzeugt, der in einer ersten 
Richtung durch sie hindurchflieftt, wodurch ein 
erstes Nahfeld erzeugt wird, wobei die induzier- 
te Spannung auch die integrierte Schaltung mit 
Strom versorgt, so dass die darin gespeicher- 
ten Daten ausgelesen und mit einer zweiten 
vorbestimmten Radiofrequenz gesendet wer- 
den; und 

einer Einrichtung zum wahlweisen Erzeugen 
eines zweiten Nahfeides, welches das erste 
Nahfeld, das durch die erste Antennenschal- 
tung erzeugt wird, wenigstens teilweise aus- 
loscht. 

15. intelligentes Resonanzetikett nach Anspruch 14, 
weiter mit einer Einrichtung zum Verandem einer 
Grdfte des Nahfeides, um dadurch eine Grdfte des 
ersten Feldes zu variieren. 

1 6. Transponder nach Anspruch 1 5, wobei die Groften- 
variiereinrichtung ein Element mit variabiem Wider- 
stand aufweist. 

17. Intelligentes Resonanzetikett nach Anspruch 14, 
weiter mit einem Schalter zum wahlweisen Erzeu- 
gen des zweiten Nahfeides, um dadurch wahlweise 
wenigstens teilweise das erste Nahfeld auszuld- 
schen. 

18. Intelligentes Resonanzetikett nach Anspruch 14, 
wobei die erste Antennenschaltung eine erste in- 
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duktive Spule aufweist, die mit einem Resonanz- 
kondensatorelektrisch verbunden ist. 

19. Intelligentes Resonanzetikett nach Anspruch 18, 
wobei die Einrichtung zum Erzeugen des zweiten 
Nahfeldes eine zweite induktive Spule aufweist, die 
mit der ersten induktive Spule elektrisch verbunden 
ist. 

20. Transponder nach Anspruch 14, wobei die inte- « 
grierte Schaltung einen nichtfluchtigen program- 
mierbaren Speicher aufweist. 



Revendications 

1. Transpondeur intelligent a radiofrequence 
comprenant : 
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un circuit integre pour conserver des donnees ; 20 
un inducteur comprenant une premiere bobine 
connectee electriquement a une seconde 
bobine ; 

une capacite de resonance connectee electn- 
quement au circuit integr6 et au moins une par- 25 
mi la premiere et la seconde bobine, la capacite 
de resonance et au moins une bobine connec- 
tee ayant une premiere frequence de 
resonance ; et 

un interrupted ayant une premiere position et 30 
une seconde position pour permettre selective- 
ment le passage d'un courant a travers la se- 
conde bobine, dans lequel lorsque I'interrup- 
teur est dans la premiere position, ^exposition 
du transpondeur a un champ exterieur a, ou 35 
proche de la premiere frequence de resonance, 
induit une tension sur I'inducteur et provoque 
le passage d'un premier courant a travers I'in- 
ducteur dans une premiere direction, produi- 
sant ainsi un champ proche et lorsque I'inter- 40 
rupteur est dans la seconde position, rexposi- 
tion du transpondeur a un champ exterieur a, 
ou proche de la premiere frequence de reso- 
nance, induit une tension sur I'inducteur et pro- 
voque le passage d'un premier courant a tra- *5 
vers la premiere bobine dans une premiere di- 
rection, produisant ainsi un premier champ pro- 
che et provoquant ainsi le passage d'un second 
courant a travers la seconde bobine dans une 
seconde direction opposee, produisant ainsi un 
second champ proche, dans lequel la somme 
du premier et du second champ proche tend 
vers zero. 

2 Transpondeur selon la revendication 1 dans lequel 55 
la tension induite dans I'inducteur est utilis6e pour 
alimenter le circuit integre. 



3. Transpondeur selon la revendication 1 dans lequel 
la premiere bobine et la capacite de resonance re- 
sonnent a la premiere frequence de resonance lors- 
que I'interrupteur est dans la premiere position. 

4 Transpondeur selon la revendication 1 dans lequel 
la premiere bobine, la seconde bobine et la capacite 
de resonance resonnent a la premiere frequence 
de resonance lorsque rinterrupteur est dans la pre- 
miere position. 

5. Transpondeur selon la revendication 1 dans lequel 
rinterrupteur est utilise comme moyens de modula- 
tion pour transmettre les donnees conservees dans 
le circuit integre. 

6. Transpondeur selon la revendication 1 dans lequel 
I'interrupteur comprend un interrupteur electroni- 
que. 

7. Transpondeur selon la revendication 6 dans lequel 
rinterrupteur est situe dans le circuit integre. 



Transpondeur selon la revendication 6 dans lequel 
rinterrupteur se trouve normalement dans la secon- 
de position. 

9. Transpondeur selon la revendication 1 dans lequel 
rinterrupteur comprend un e!6ment de resistance 
variable de sorte que I'intensite du second champ 
proche soit variable, dans lequel le second champ 
proche n'est pas essentiellement egal et oppose au 
premier champ, le transpondeur n'est pas habituel- 
lement decouple de son environnement. 

10. Transpondeur selon la revendication 9 dans lequel 
lorsque I'interrupteur est dans la seconde position, 
le transpondeur est partiellement decouple de son 
environnement. reduisant ainsi la quantite de puis- 
sance recueillie du champ exterieur. 

11. Transpondeur intelligent a radiofrequence 
comprenant : 

un circuit integre pour conserver des donnees ; 
un circuit d'antenne comprenant une premiere 
bobine et une capacite de resonance ayant une 
frequence de resonance predeterminee et con- 
nectee electriquement au circuit integre pour 
alimenter le circuit integre et pour transmettre 
les donnees conservees dans le circuit integre 
a un lecteur, dans lequel Imposition du trans- 
pondeur a un champ exterieur a une frequence 
proche de la frequence de resonance predeter- 
minee provoque le passage d'un premier cou- 
rant a travers la premiere bobine dans une pre- 
miere direction, produisant ainsi un premier 
champ proche qui couple le transpondeur a son 
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environnement ; et 

des moyens pour produire selectivement un se- 
cond champ proche, dans lequel la somme du 
premier et du second champ proche tend vers 
zero, pour decoupler selectivement le trans- 
pondeur de son environnement. 

12. Transpondeurselon la revendication 11 dans lequel 
les moyens pour produire le second champ proche 
comprennent une seconde bobine. 



19. Etiquette intelligente de resonance selon la reven- 
dication 18 dans laquelle les moyens pour produire 
le second champ proche comprennent une secon- 
de bobine a induction connectee electriquement a 
la premiere bobine a induction. 

20. Transpondeurselon la revendication 14 dans lequel 
le circuit integre comprend une memoire program- 
mable permanente. 
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13. Transpondeur selon la revendication 12 compre- 
nant en outre un interrupteur connecte electrique- 
ment a la seconde bobine pour empecher selecti- 
vement la seconde bobine de produire un second 
champ proche. 

14. Etiquette intelligente de resonance comprenant : 

un circuit integre pour conserver des donnees ; 
un premier circuit d'antenne connecte electri- 
quement au circuit integre, dans lequel I'expo- 
s it ion du premier circuit d'antenne a un champ 
electromagnetique a une premiere radiofre- 
quence predeterminee induit une tension dans 
celui-ci, qui provoque le passage d'un courant 
dans une premiere direction d travers celui-ci, 
produisant ainsi un premier champ proche, la 
tension induite alimentant egalement le circuit 
integre de sorte que les donnees y etant con- 
servees sont lues et transmises a une seconde 
radiofrequence predeterminee ; et 
des moyens pour produire selectivement un se- 
cond champ proche qui annule au moins par- 
tiellement le premier champ proche produit par 
le premier circuit d'antenne. 



15 



20 



25 



30 



35 



1 5. Etiquette intelligente de resonance selon la reven- 
dication 14 comprenant en outre des moyens pour 
modifier llntensite du second champ proche, modi- 
fiant ainsi llntensite du premier champ proche. 



40 



1 6. Transpondeur selon la revendication 1 5 dans lequel 
les moyens pour modifier I'intensite comprennent 
un element de resistance variable. 4 5 



17. Etiquette intelligente de resonance selon la reven- 
dication 14 comprenant en outre un interrupteur 
pour produire selectivement le second champ pro- 
che, annulant ainsi au moins partiellement le pre- so 
mier champ proche. 

18. Etiquette intelligente de resonance selon la reven- 
dication 14 dans laquelle le premier circuit d'anten- 
ne comprend une premiere bobine a induction con- 55 
nectee electriquement a une capacite de resonan- 
ce. 
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